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PROCESS FOR PRODUCING INORGANIC SPHERES 

The present invention relates to a process for 
producing inorganic spheres. Particularly, it relates to 
a production process capable of producing inorganic 
spheres having a substantially uniform particle size 
useful for chromatography supports, cosmetic 
applications, catalyst supports, etc., by a stable 
continuous process with high productivity. 

Heretofore, various methods have been known as 
methods to obtain inorganic spheres. JP-B-2-61407 
discloses a method of forming a silica sol into spheres 
by a spray dryer, followed by drying. By this method, it 
is difficult to control the particle size distribution, 
and the shape of the spheres is likely to be irregular 
such that dents are formed on the particle surface. 
Further, in view of productivity, atomized droplets tend 
to attach to the inside of the chamber, whereby scale is 
likely to form, and continuous operation is likely to be 
impaired. 

JP-B-57-55454 discloses a method to obtain inorganic 
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spheres, by agitating an organic liquid with an inorganic 
compound aqueous solution in a tank reactor to prepare a 
W/0 type emulsion, and precipitating inorganic particles 
in droplets of the inorganic compound aqueous solution in 
5 the emulsion. The inorganic spheres obtained by this 
method have a uniform particle size distribution as 
compared with ones obtained by the above spray dryer 
method, however, the particle size distribution of the 
inorganic spheres is still wide depending upon the 

10 particle size distribution of the emulsion. Further, 

since a batch operation is employed, there are problems 
in view of productivity. 

U.S. P. 5,376,347 discloses a method of injecting an 
inorganic compound aqueous solution into an organic 

15 liquid through a polymer membrane having inlet holes 

which perforate in a thickness direction to prepare a W/O 
type emulsion, to obtain inorganic spheres from droplets 
of the inorganic compound aqueous solution in the 
emulsion. The particle size distribution of the emulsion 

20 can be narrowed by this method, however, this method is 
insufficient in view of uniformity in the particle size 
of the inorganic spheres, since the particle size, is 
influenced by the physical properties of the polymer 
membrane and the flow of the organic liquid which is not 

25 controlled. Further, a syringe pump is employed as a 
method for supplying the inorganic compound aqueous 
solution, such being problematic in view of productivity. 
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In recent years, U.S. Patent Application 20020043731 
proposes a method for manufacturing a homogeneous 
emulsion by injecting a pressurized inorganic compound 
aqueous solution through inlet holes with distortion into 
5 an organic liquid, and an apparatus therefor. In recent 
years, development of a method and an apparatus capable 
of producing inorganic spheres having a uniform particle 
size efficiently for a long term on a large scale stably 
has been desired. 
10 Under these circumstances, it is an object of the 

present invention to provide a process for producing 
inorganic spheres having a substantially uniform particle 
size . 

The present invention provides a process for 
15 producing inorganic spheres, which comprises injecting an 
aqueous liquid containing an inorganic compound through 
an inlet hole into an organic liquid which flows at a 
flow rate of from 0.001 to 2 m/s in a laminar flow state 
in a flow path to form a W/O type emulsion, and 
20 solidifying the aqueous liquid containing an inorganic 
compound in the W/O type emulsion. 

The present invention further provides an apparatus 
for producing inorganic spheres, which is constituted in 
such a manner that an aqueous liquid containing an 
25 inorganic compound is injected into an organic liquid 
which flows at a flow rate of from 0.001 to 2 m/ s in a 
laminar flow state in a flow path compartmentalized by a 
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partition wall through at least 100 inlet holes which 
perforate in a thickness direction of the partition wall 
to form a W/0 type emulsion, and the aqueous liquid 
containing an inorganic compound in the emulsion is 
5 solidified to form inorganic spheres. 
In the accompanying drawings: 

Fig. 1 is a diagram illustrating a component for an 
emulsif ication apparatus employed in Example 1. 

Fig. 2 is a diagram illustrating another component 
10 for an emulsif ication apparatus employed in Example 1. 

Fig. 3 is a diagram illustrating the main part of an 
emulsif ication apparatus employed in Example 1. 

Fig. 4 is a diagram illustrating the main part of an 
emulsif ication apparatus employed in Example 2 . 
15 Fig. 5 is a cross-sectional view illustrating an 

emulsif ication apparatus employed in Examples 3 and 5 to 
8. 

Fig. 6 is a cross-sectional view illustrating an 
emulsif ication apparatus employed in Example 4. 

20 In the present invention, an aqueous liquid 

containing an inorganic compound is injected through an 
inlet hole into an organic liquid which flows in a 
laminar flow to form an emulsion in which the organic 
liquid is present as a dispersoid (continuous phase) and 

25 droplets of the aqueous solution containing an inorganic 
compound are present as a dispersed phase in the 
continuous phase, i.e. a so-called W/O type emulsion, and 



- 5 - 

then the droplets of the aqueous liquid containing an. 
inorganic compound in the W/0 type emulsion are 
solidified to form inorganic spheres. 

As the aqueous liquid containing an inorganic 
5 compound, any liquid may be used so long as it can form a 
precipitate by solidification. Not only an aqueous 
solution of an inorganic compound but also a colloidal 
solution such as a silica sol or an alumina sol may be 
employed. As the aqueous solution of an inorganic 

10 compound, specifically, an aqueous solution of a metal 
salt or a metal complex may be mentioned. As the metal 
salt, a silicate or an aluminate of an alkali metal, a 
halide of an alkaline earth metal, a sulfate, a 
hydrochloride or a nitrate of copper, or a sulfate, a 

15 hydrochloride or a nitrate of cobalt or nickel may be 
mentioned . 

In the present invention, it is preferred to employ 
an aqueous liquid containing silica as the aqueous liquid 
containing an inorganic compound. Specifically, an 

20 aqueous solution containing a water-soluble silica and an 
aqueous dispersion containing a solid silica such as a 
silica sol obtained by hydrolyzing an organic silicon 
compound or a commercially available silica sol, may be 
mentioned. Particularly, an aqueous solution of an 

25 alkali metal silicate is preferably employed. The alkali 
metal may, for example, be lithium, sodium, potassium or 
rubidium, and among them, sodium is most preferred from 



\ 
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availability and economical reasons. The proportion of 
sodium to silicate is preferably from 2.0 to 3.8, more 
preferably from 2.0 to 3.5 by Na 2 0/Si0 2 molar ratio. The 
concentration of the alkali metal silicate aqueous 
5 solution is preferably from 5 to 30 mass%, more 

preferably from 5 to 2 5 mass% as the Si0 2 concentration. 

As the organic liquid, a C 9 _i 2 saturated hydrocarbon 
is preferred, and the organic liquid is selected taking 
operation property, safety from flame, separation 

10 property between the solidified particles and the organic 
liquid, shape-holding properties of the inorganic 
spherical particles, solubility of the organic liquid in 
water, etc., into consideration totally. The C 9 _i 2 
saturated hydrocarbon may be used alone or as a mixture 

15 of at least two. -The C 9 _i 2 saturated hydrocarbon may be a 
linear hydrocarbon or a hydrocarbon having side chains so 
long as its chemical stability is good. 

As the C 9 _ 12 saturated hydrocarbon, preferred is one 
having a flash point of from 20 to 80°C. If a saturated 

20 hydrocarbon having a flash point of less than 20°C is 
employed as the organic liquid, the flash point is too 
low, whereby countermeasures for fire prevention and work 
environment are required. Further, one having a flash 
point exceeding 80°C has a low volatility, whereby the 

2 5 amount of the hydrocarbon adhered to the obtained 
inorganic spheres may increase. 

In the present invention, the W/0 type emulsion and 



the organic liquid are usually subjected to liquid-liquid 
separation, and the inorganic spheres and the organic 
liquid after solidifying the emulsion are usually 
subjected to solid-liquid separation. The organic liquid 
in the W/0 type emulsion or attached to or adsorbed in 
the inorganic spheres after separation is preferably 
vaporized and separated by e.g. a drying operation. The 
organic liquid preferably has a boiling point of at most 
2 00°C from such a viewpoint that it is readily separated 
by vaporization, and as the organic liquid which 
satisfies such a condition, preferred is at least one 
member selected from the group consisting of C 9 H 2 o/ Ci 0 H 2 2 
and CuH 2 4 ■ 

r 

In the present invention, it is preferred to employ 
a surfactant for formation of the W/0 type emulsion. As 
the surfactant, although an anionic surfactant or a 
cationic surfactant may be employed, a nonionic 
surfactant is preferred in view of easiness of adjustment 
of hydrophilicity and lipophilicity . For example, a 
polyethylene glycol fatty acid ester, a polyethylene 
glycol alkyl ether, a sorbitan fatty acid ester, a 
polyoxyethylene sorbitan fatty acid ester, a 
polyoxyethylene alkyl phenyl ether and a polyoxyethylene 
alkyl ether are preferred. 

The amount of the surfactant varies depending upon 
conditions such as the type of the surfactant, HLB 
(hydrophile-lipophile balance) as an index of the degree 
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of hydrophilicity or hydrophobic! ty of the surfactant and 
the aimed particle size of the inorganic spheres, 
however, it is preferably contained in an amount of from 
500 to 20,000 ppm, preferably from 1,000 to 10,000 ppm, 
5 in the organic liquid. If it is less than 500 ppm, 

droplets of the aqueous solution to be emulsified tend to 
be large, whereby the emulsion may be unstable. Further, 
if it exceeds 20,000 ppm, the amount of the surfactant 
attached to the inorganic spherical particles as a 

10 product tends to be large, such being unfavorable. 

In the present invention, by adjusting the flow rate 
of the organic liquid to from 0.001 to 2 m/s, emulsion 
droplets having a narrow particle size distribution are 
formed, whereby the particle size distribution of the 

15 obtained inorganic spheres can be narrowed. The flow 

rate of the organic liquid is more preferably from 0,01 
to 1 m/s. 

The Reynolds number of the organic liquid which 
flows in the flow path is at most 2,100. The Reynolds 

20 number in a case where the cross section of the flow path 
is circular is calculated from the formula 1, and as the 
inner diameter D of the flow path, the minimum diameter 
in the cross section of the flow path is employed. D is 
the inner diameter (m) of the flow path, u is the average 

25 flow rate (m/s), p is the fluid density (kg/m 3 ), and \i is 
the fluid viscosity (Pa*s) . 

Reynolds number (-) - D-u-p/y. Formula 1 
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Further, the Reynolds number in a case where the 
cross section of the flow path is not circular is 
calculated from the Formula 2 . r is the hydraulic radius 
(m) of the flow path = {cross-sectional area (m 2 ) of the 
5 flow path} / {circumference (m) of the cross section of the 
flow path which is in contact with the liquid}, and u, p 
and U are as defined for the Formula 1. 

Reynolds number (-) = 4 x r-u-p/y Formula 2 

If the Reynolds number is at most 2,100, the flow of 
10 the organic liquid is in a laminar flow state, and thus 
the flow of the organic liquid is stable. As a result, 
the aqueous liquid containing an inorganic compound 
supplied through the inlet hole becomes a W/O type 
emulsion having an always constant particle size, whereby 
15 inorganic spheres having a substantially uniform particle 
size are likely to be produced. On the other hand, if 
the Reynolds number exceeds 2,100, the flow of the 
organic liquid is in a turbulent flow state, whereby a 
W/O type emulsion having irregular particle sizes similar 
20 to that of a conventional one tends to be obtained, and 
as a result, the particle sizes of the inorganic spheres 
are also irregular. The shape of the flow path of the 
organic liquid is not particularly limited. 

In order to further stabilize the flow of the 
25 organic liquid, the Reynolds number of the flow of the 
organic liquid is preferably at most 500. 

The aqueous liquid injected through the inlet hole 
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grows to be larger than the hole size at the outlet of 
the inlet hole due to the interfacial force. Then, the 
droplets are cut off from one another by the flow of the 
organic liquid, and become droplets of the W/O type 
5 emulsion in the organic liquid. 

Now, the mode for carrying out the present invention 
will be explained with reference to drawings. In Figs. 1 
to 3, numerical references 1 and 2 designate an acryl 
resin plate. In Fig. 3, an aqueous liquid containing an 

10 inorganic compound is introduced through an inlet hole 4, 
and injected into an organic liquid which is introduced 
from an inlet hole 3 and flows in a laminar flow state. 
In Fig. 4, numerical reference 5 designates a tube made 
of polytetraf luoroethylene . In Fig. 4, the aqueous 

15 liquid containing an inorganic compound is introduced 

from a needle 6 for syringe, and injected into an organic 
liquid which is introduced through a tube edge 7 and 
flows in a laminar flow state. In Figs. 5 and 6, 
numerical references 8 and 12 designate an acryl resin 

20 plate, numerical reference 9 designates a fluororesin 
sheet, numerical reference 10 designates a stainless 
steel plate, and numerical reference 11 designates a 
component for an acryl resin plate. In Figs. 5 and 6, an 
aqueous liquid containing an inorganic compound is 

25 introduced from a nozzle 15, and injected through inlet 
holes into an organic liquid which is introduced from a 
nozzle 13 and flows in a laminar flow state and is 
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discharged from a nozzle 14. 

In the present invention, the cross section of the 
inlet hole through which the aqueous liquid containing an 
inorganic compound is supplied preferably has at least 
5 one shape selected from the group consisting of circular, 
rectangular, triangular and elliptic shapes, whereby 
processing is relatively easy, and inorganic spheres 
having a uniform particle size can stably be produced. 
The quadruple of the hydraulic radius r of the cross 

10 section of the inlet hole is preferably from 0.1 to 500 

Vim. r is the hydraulic radius (m) of the cross section = 
{cross-sectional area (m ) of the inlet 
hole} / {circumference (m) of the cross section of the 
inlet hole which are in contact with the fluid} , as 

15 defined for the Formula 2. Here, it is essential that 
every hole is a hole smaller than the width of the flow 
path of the organic liquid. As the method for forming 
the inlet hole, a processing method employing a laser 
such as an excimer laser or pressing may be mentioned, 

20 but the method is not particularly limited. 

It is estimated that when the cross section of the 
inlet hole has at least one shape selected from the group 
consisting of rectangular, triangular and elliptic 
shapes, the droplets have a curvature distribution when 

25 the aqueous liquid is formed into droplets at the outlet 
of the hole, they are spontaneously cut off from one 
another at a relatively early stage and become droplets 
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in the organic liquid. Accordingly, the emulsion 
particle size is relatively small, such being favorable, 
as compared with a case where circular holes are 
employed. Further, at this time, the ratio of the 
5 diameter of a circle which is circumscribed around the 
cross-sectional shape to the diameter of a circle which 
is inscribed in the cross-sectional shape is preferably 
at most 20. It is more preferably at most 10. If it 
exceeds 20, the droplets tend to be divided in a long 

10 axis direction, and as a result, the emulsion particles 
tend to be non-uniform, such being unfavorable. It is 
particularly preferred that the diameter of a circle 
which is inscribed in the cross-sectional shape is at 
least 1 iim, and the diameter of a circle which is 

15 circumscribed around the cross-sectional shape is at most 
80 urn. 

The droplet size of the formed W/O type emulsion is 
influenced also by the ratio of the linear velocity of 
the organic liquid in a flow direction to the linear 

20 velocity of the aqueous liquid in a flow direction. In 
the present invention, the ratio of the linear velocity 
is preferably from 1 to 500, more preferably from 10 to 
300. If the ratio of the linear velocity exceeds 500, 
the organic liquid may excessively be consumed, such 

25 being unfavorable from the economical viewpoint. 

Further, if it is less than 1, such an effect that the 
droplets are cut off from one another by the flow of the 
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organic liquid is less likely to be obtained, whereby the 
emulsion particles may be non-uniform. 

In the present invention, as shown in Figs. 3, 5 and 
6, it is preferred that the flow path of the organic 
5 liquid is compartmentalized by a partition wall, and the 
aqueous liquid is injected through the inlet hole which 
perforates in a thickness direction of the partition 
wall, whereby the aqueous liquid and the organic liquid 
are mixed in a cross flow, and inorganic spheres having a 

10 small particle size are likely to be stably obtained, as 
compared with a case where the aqueous liquid and the 
organic liquid are mixed in a parallel flow as shown in 
Fig. 4, because such an effect that the emulsion droplets 
are cut off from one another by the flow of the organic 

15 liquid is likely to be obtained. 

It is preferred that a plurality of the inlet holes 
are formed on the flow path of the organic liquid with a 
distance of at least half the diameter of a circle which 
is circumscribed around the cross-sectional shape of the 

20 inlet holes, more preferably with a distance of at least 
the diameter of a circle which is circumscribed around 
the cross-sectional shape of the inlet holes. If the 
inlet holes are formed only with a distance of shorter 
than half the diameter of a circle which is 

25 circumscribed, there is possibility that the droplets of 
the emulsion are united and as a result, the particle 
size becomes non-uniform. However, the inlet holes are 



formed preferably as close to one another as possible 
within a range where the droplets are not united, thus 
improving the productivity. 

In a case where a plurality of the inlet holes are 
formed, the pressure loss in the flow path of the organic 
liquid may cause the difference in diameter of the 
droplets formed from inlet holes at the upstream side -and 
droplets formed from inlet holes at the downstream side. 
Accordingly, the particle size of the obtained inorganic 
spheres tends to be non-uniform. For example, if the 
pressure loss in the flow path of the organic liquid is 
significant, the difference in pressure between the 
aqueous liquid and the organic liquid is relatively small 
at the inlet holes which are located at the upstream side 
of the flow of the organic liquid, whereby the amount of 
the aqueous liquid injected into the organic liquid is 
limited, and an emulsion with a small size is likely to 
form. On the other hand, the difference in pressure 
between the aqueous liquid and the organic liquid is 
relatively large at the inlet holes which are located at 
the downstream side, whereby the amount of the aqueous 
liquid injected tends to increase, and emulsion particles 
having sizes outside the aimed size are likely to form. 
As a result, inorganic spheres having a wide particle 
size distribution are likely to be obtained. 

In the present invention, in Figs. 5 and 6, it is 
preferred that at least 100 inlet holes are formed on a 
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stainless steel plate 10, and the pressure loss of the 
organic liquid as between the inlet hole which is located 
at the most upstream side of the flow of the organic 
liquid and the inlet hole which is located at the most 
5 downstream side is from 10 to 1,000 Pa, whereby the 

■ 

amount of the aqueous liquid injected through the inlet 
holes is stabilized, and inorganic spheres having a 
uniform particle size are likely to be obtained. 
Particularly, inorganic spheres having a particle size 

10 highly unif ormalized such that the number average 
particle size as measured from a scanning electron 
microphotograph is from 0.1 to 100 pm, and the value 
obtained by dividing the standard deviation of the 
particle size distribution by the number average particle 

15 size is at most 0.20, are likely to be obtained. From 
the viewpoint of the unif ormalization of the particle 
size, the pressure loss is preferably at most 800 Pa, 
more preferably at most 500 Pa. If the pressure loss is 
less than 10 Pa, as the flow rate of the organic liquid 

20 is low, such an effect that the emulsion droplets are cut 
off from one another by the flow of the organic liquid is 
less likely to be obtained, whereby large particles 
having sizes outside the aimed size are likely to form. 
The pressure loss (Pa) of the organic liquid in the 

25 organic liquid flow path may be calculated by employing a 
pressure loss formula in a laminar flow as described in 
Handbook on Chemical Engineering (Kagaku Kogaku Binran) , 



\ 
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5th Edition for example. In a case where the cross- 
sectional shape is circular, it is calculated from the 
formula 3 . L is the length (m) of the flow path, and D, 
u and p. are as defined for the formula 1. 
5 Pressure loss = 32 pLu/D 2 Formula 3 

Further, if the cross-sectional shape of the flow 
path is rectangular, it is calculated from the formula 4. 
Here, X = 16/3-1024/n 5 x (b/a) x { tanh ( na/2b) + 1/243 x 
tanh(3na/2b) + ••}, a is the length (m) of the long side 

10 of the cross section of the flow path, b is the length 

(m) "of the short side, and L, u and p are as defined for 
the formula 3 . 

Pressure loss = 32 uLu/(b 2 X/2) Formula 4 

In the present invention, as shown in Figs. 5 and 6, 

15 the distance between the inlet hole which is located at 
the most upstream side of the flow of the organic liquid 
and the inlet hole at the most downstream side is 
represented by L. L is preferably from 1 to 300 mm. If 
it is less than 1 mm, processing tends to be complicated, 

20 and no adequate productivity will be obtained. On the 

other hand, if it exceeds 300 mm, it is required to lower 
the flow rate of the organic liquid so as to maintain a 
pressure loss of from 10 to 1,000 Pa, whereby such an 
effect that the emulsion droplets are cut off from one 

25 another by the flow of the organic liquid is less likely 
to be obtained, and emulsion particles having sizes 
outside the aimed size are likely to form. 
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The apparatus for producing inorganic spheres of the 
present invention may be installed so that the flow path 
of the organic liquid is in parallel with the horizontal 
plane as shown in Fig. 5. In the case that the density 
5 of the organic liquid is smaller than the density of the 
aqueous liquid, the apparatus is preferably installed so 
that the flow path of the organic liquid has an angle of 
at least 30° to the horizontal plane and the organic 
liquid flows from bottom to top, whereby inorganic 

10 spheres having a uniform particle size are likely to be 
obtained. It is more preferable if the apparatus is 
installed so that the flow path of the organic liquid is 
vertical to the horizontal plane as in Fig 6. In the 
case that the density of the organic liquid is larger 

15 than the density of the aqueous liquid, it is preferable 
that the organic liquid flows from top to bottom with 
using the same apparatus described above. 

In a case where the apparatus is installed so that 
the flow path of the organic liquid has an angle of at 

20 least 30° to the horizontal plane, a pressure due to the 
liquid depth is applied to each of the aqueous liquid 
side and the organic liquid side at a certain horizontal 
plane in a height - direction . Assuming that the liquid 
depths of the aqueous liquid and the organic liquid are 

25 substantially the same at the certain horizontal plane, 
the difference in pressure corresponding to { (density of 
the aqueous liquid) - (density of the organic liquid) } x 
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(liquid depth) arises due to the difference in density 
between the aqueous liquid and the organic liquid. 
Accordingly, the distribution of the difference in 
pressure between the aqueous liquid side and the organic 
liquid side in the entire flow path can be made to be 
relatively narrow, by flowing the organic liquid from 
bottom to top in the case that the density of the organic 
liquid is smaller than the density of the aqueous liquid, 
or from top to bottom in the case that the density of the 
organic liquid is larger than that of the aqueous liquid, 
as compared with a case where the flow path of the 
organic liquid is in parallel with the horizontal plane 
as shown in Fig. 5. As a result, the amount of the 
aqueous liquid supplied from the inlet hole can be 
stabilized, and the emulsion droplet size can be 
unif ormalized, such being effective for unif ormalizat ion 
of the particle size of the obtained inorganic spheres. 

In the present invention, it is preferred that the 
quadruple of the hydraulic radius r of the cross section 
of the inlet hole is from 0.. 1 to 100 pm, the ratio of the 
number average particle size of the inorganic spheres to 
the quadruple of the hydraulic radius r of the cross 
section is from 0.1 to 5.0, and the ratio of the linear 
velocity of the organic liquid to the linear velocity of 
the aqueous liquid in a flow direction is from 10 to 300, 
whereby formation of fine particles having sizes 
significantly outside the aimed particle size as by- 
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products can be prevented. The quadruple of the 
hydraulic radius r of the cross section of the inlet hole 
is preferably from 1 to 80 ym. In a case where the shape 
of the cross section of the inlet hole is circular, 
5 hydraulic radius r = (inner diameter D of the circle) /4, 
and thus the quadruple of the hydraulic radius r 
corresponds to the inner diameter D of the circle. If 
the quadruple of the hydraulic radius r of the cross 
section of the inlet hole is less than 0.1 ]im, the amount 

10 of the aqueous liquid containing an inorganic compound 
supplied tends to be small, such being unfavorable in 
view of productivity. Further, if it is larger than 100 
Vim, emulsion particles having sizes outside the aimed 
particle size are likely to form. 

15 Further, from the viewpoint to effectively obtain 

inorganic spheres having an aimed particle size, the 
ratio of the average particle size of the inorganic 
spheres to the above defined preferred range of the . 
quadruple of the hydraulic radius r is preferably from 

20 0.1 to 5.0, more preferably from 0.3 to 3.0. If the 

ratio is less than 0.1, productivity tends to decrease, 
and the possibility that the average particle size of the 
obtained inorganic spheres is larger than the aimed value 
tends to be high. On the other hand, if it exceeds 5.0, 

25 the particle size is less likely to be controlled, and 
the possibility that fine particles having sizes 
significantly outside the aimed particle size are formed 
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as by-products tends to be high. 

Formation of small particles having sizes 
significantly outside the aimed particle size as by- 
products can be prevented by adjusting the ratio of the 
linear velocity of the organic liquid to the linear 
velocity of the aqueous liquid in a flow direction to 
from 10 to 300, in addition to the above defined 
preferred range of the quadruple of the hydraulic radius 
r and preferred range of the ratio of the average 
particle size of the inorganic spheres to the quadruple 
of the hydraulic radius r. The ratio of the linear 
velocity is more preferably from 50 to 200. It is 
particularly advantageous to prepare inorganic spheres 
having a highly unif ormalized particle size such that the 
number average particle size as measured by a scanning 
electron microphotograph is from 10 to 100 ym, and the 
value obtained by dividing the standard deviation of the 
particle size distribution by the number average particle 
size is at most 0.20. 

In Figs. 5 and 6, it is preferred that at least 100, 
more preferably at least 1,000 inlet holes are formed on 
a stainless steel plate 10 in order to improve 
productivity of the emulsion. In a case where a 
plurality of the inlet holes are formed on the stainless 
steel plate 10, the aqueous liquid is injected into the 
organic liquid through the inlet holes under a 
substantially constant pressure, and thus the linear 



velocity of the aqueous liquid in a flow direction can be 
measured at the inlet hole part. 

In the present invention, as the material 
constituting the partition wall, one resistant to the 
aqueous liquid containing an inorganic compound and the 
organic liquid is employed. One composed mainly of a 
metal is preferred in view of excellent processability 
and strength, and one composed mainly of a resin may also 
be used preferably. As the resin, it is preferred to 
employ at least one member selected from polyphenylene 
sulfide, polyether ether ketone, polyimide, 
polyamideimide , aromatic polyester and a fluororesin in 
view of excellent processability and dimension stability. 

The material constituting the partition wall on 
which the inlet hole which perforates in a thickness 
direction are formed, preferably has organophilic liquid 
properties. In a case of a metal material, it is 
preferred to apply a treatment to impart organophilic 
liquid properties to the material e.g. by a method of 
staining by oil. This is to accelerate separation of the 
aqueous liquid containing an inorganic compound from the 
partition wall after it passes through the inlet hole. ■ 
It becomes clear by observation with a high speed camera 
that in a case where the partition wall is hydrophilic, 
the aqueous liquid flows along the partition wall after 
it passes through the inlet hole, whereby the particle 
size of the emulsion tends to be non-uniform. 
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As a method to solidify the aqueous liquid 
containing an inorganic compound in the W/0 type emulsion 
to form inorganic spheres, a method of adding a 
precipitant to precipitate the inorganic compound may be 
5 employed. The precipitant may be an aqueous solution of 
at least one member selected from the group consisting of 
a halide or a carbonate of an alkali metal, an inorganic 
acid, an organic acid, an ammonium salt of an inorganic 
acid, an ammonium salt of an organic acid and a halide of 
10 an alkaline earth metal. Specifically, an aqueous 

solution of e.g. ammonium hydrogen carbonate, ammonium 
sulfate, potassium chloride or potassium hydrogen 
carbonate may be mentioned, but it is not limited 
thereto . 

15 In a case where the inorganic compound in the 

aqueous liquid containing an inorganic compound is 
silica, the W/O type emulsion is gelated, whereby the 
dispersion droplets of the aqueous solution in a form of 
spheres are gelated while keeping their shape, and 

20 . spherical silica hydrogel is obtained. For gelation, it 
is preferred to introduce an gelling agent to the 
emulsion. As the gelling agent, an acid such as an 
inorganic acid or an organic acid is employed, and 
particularly an inorganic acid e.g. sulfuric acid, 

25 hydrochloric acid, nitric acid or carbon dioxide is 
preferred. It is most simple and preferred to employ 
carbon dioxide gas from the viewpoint of e.g. readiness 
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of operation. As the carbon dioxide gas, pure carbon 
dioxide gas having a concentration of 100% may be 
introduced, or carbon dioxide gas diluted with air or an 
inert gas may be introduced. The time required for 
5 gelation is usually preferably from 4 to 3 0 minutes, and 
the temperature at the time of gelation is preferably 
from 5 to 3 0°C. 

After completion of the gelation, it is preferred to 
leave the reaction system to stand so that the emulsion 

10 is separated into two phases of the organic liquid phase 
and the aqueous phase containing a silica hydrogel to 
separate the silica gel. In a case where a saturated 
hydrocarbon is employed as the organic liquid, the 
organic liquid phase as the upper layer and the aqueous 

15 liquid phase containing the silica hydrogel as the lower 
layer are separated, and they are separated by a known 
means . 

An acid such as sulfuric acid is added as the case 
requires to the aqueous slurry of the silica hydrogel to 

20 adjust pH to be from about 1 to about 5 to complete 

gelation, and the aqueous slurry is subjected to steam 
distillation at a temperature of from 60 to 150°C, 
preferably from 80 to 120°C to distill off and remove a 
slight amount of the organic liquid remaining in the 

25 aqueous slurry, and heated at an appropriate pH of from 
about 7 to about 9 to carry out aging of the silica 
hydrogel . 
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After the above aging treatment is carried out, the 
aqueous slurry is subjected to filtration to obtain a 
silica hydrogel, which is dried at a temperature of from 
about 100 to about 150°C for from about 1 to about 3 0 
5 hours to obtain silica porous spherical particles. 

In a case where an alkali silicate aqueous solution 
is employed as the aqueous liquid containing silica, and 
an acid is employed as the gelling agent, an alkali metal 
salt (e.g. sodium carbonate when the gelling agent is 

10 carbon dioxide for example) forms as a by-product, and in 
order to prevent inclusion of the salt in the silica 
porous spheres, it is preferred to adequately wash the 
silica hydrogel (wet cake) after filtration with water. 
As the case requires, water may be added to the wet cake 

15 after washing with water again to obtain a slurry, and 

filtration and washing with water are repeated again. At 
this time, an operation of adjusting the pH of the slurry 
to be from about 1 to about 5 and aging the silica 
hydrogel again may be carried out as the case requires . 

20 Now, the present invention will be explained in 

further detail with reference to Examples. However, it 
should be understood that the present invention is by no 
means restricted to such specific Examples. 
EXAMPLE 1 

2 5 (1) Preparation of solution 

A sodium silicate aqueous solution having a Si0 2 
concentration of 24.4 mass% and a Na 2 0 concentration of 
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8.14 mass% (Si0 2 /Na 2 O molar ratio = 3.09, density: 1,320 
kg/m 3 ) was prepared. As the organic liquid, n-decane 
(C10H22, density: 730 kg/m 3 ) was employed, and sorbitan 
monooleate as a surfactant was preliminarily dissolved in 
5 an amount of 5,000 ppm in n-decane. 

(2) Preparation of emulsif ication apparatus 

An emulsif ication apparatus is shown in Fig. 3. On 
an acryl resin plate 1 having a thickness of 2 mm in a 50 
mm square, a groove having a length of 40 mm, a width of 

10 500 \im and a depth of 100 urn was formed as shown in Fig. 
1 . On another acryl resin plate 2 having a thickness of 
2 mm in a 50 mm square, a circular inlet hole 3 having an 
inner diameter of 500 yirri and a circular inlet hole 4 
having an inner diameter = 4r = 10 0 jam were formed as 

15 shown in Fig. 2, and a needle for syringe was inserted 
into each of the inlet holes and fixed by means of an 
epoxy type adhesive. The acryl resin plate 1 and the 
acryl resin plate 2 were overlayed one on the other as 
shown in Fig. 3, and four sides were clamped and fixed 

20 with an equal force. The two plates were fixed so that 
the inlet hole 3 and inlet hole 4 formed on the acryl 
resin plate 2 were on the groove formed on the acryl 
resin plate 1. Further, water was preliminarily supplied 
to the prepared apparatus to confirm that no liquid would 

25 leak. 

( 3 ) Emulsif ication 

The emulsif ication apparatus prepared in (2) was put 



horizontally, and n-decane prepared in (1) and the sodium 
silicate aqueous solution prepared in (1) were supplied 
from the inlet hole 3 and the inlet hole 4, respectively, 
to continuously produce a W/0 type emulsion having the 
sodium silicate aqueous solution dispersed in n-decane 
having the surfactant dissolved therein. The supply 
amount of n-decane was 7.2 mL/h, and the linear velocity 
in the flow path in a flow direction was 4.0 x 10~ 3 m/s. 
The experiment was carried out at room temperature, and 
the Reynolds number of the flow of n-decane was about 6 
as calculated from a hydraulic radius of the flow path of 
41.7 jam and a viscosity of 8.0 x 1CT 4 Pa-s, and n-decane 
flowed in a laminar flow state. 

Further, the supply amount of the sodium silicate 
aqueous solution was 0.06 mL/h, and the linear velocity 
in a flow direction at the inlet hole part was 2.1 x 10~ 4 
m/s. Further, the ratio of the linear velocity of n- 
decane in a flow direction to the linear velocity of the 
sodium silicate aqueous solution in a flow direction at 
the inlet hole part was 19. The emulsion particles had a 
substantially uniform particle size of about 130 um as 
confirmed by optical microscope observation. 
(4) Gelation 

n-decane having the surfactant dissolved therein 
prepared in (1) was put in a 50mL measuring cylinder, and 
carbon dioxide gas was blown to the solution in a supply 
rate of 100 mL/min. The W/O type emulsion prepared in 
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(3) was continuously supplied to the measuring cylinder 
to carry out gelation. The formed silica hydrogel was 
separated from n-decane by two-phase separation employing 
the difference in specific gravity to obtain an aqueous 
5 slurry of the silica hydrogel. Then, 0.1 N sulfuric acid 
aqueous solution was added to the aqueous slurry of the 
silica hydrogel to adjust pH to 9 at 25°C, followed by 
aging at 80°C for 1 hour. Then, the aqueous slurry was 
stood to cool to room temperature, 20 mass% of the 

10 sulfuric acid aqueous solution was further added thereto 
to adjust pH to 2, and the aqueous slurry was left to 
stand for 3 hours. Then, the aqueous slurry was 
subjected to filtration, washing and drying at 12 0°C for 
20 hours to obtain silica porous spheres. 

15 (5) Confirmation of shape 

It was confirmed by a scanning electron 
microphotograph that the obtained . silica porous spheres 
were substantially spherical. Further, the particle size 
distribution was measured from the photographs. The 

20 average diameter was determined by the following process. 
Several photographs were taken so that a sum of more than 
1,000 particles were included in the photographs. Then 
diameters of all the particles in the photographs were 
measured, and an arithmetical average value of the 

25 diameters was obtained. The number average particle size 
was 115 \im f and the standard deviation was 6 p. At this 
time, the value obtained by dividing the standard 



deviation of the particle size distribution by the number 
average particle size was 0.052, and the silica porous 
spheres had a substantially uniform particle size. Here, 
(number average particle size)/4r = 1.15. 
EXAMPLE 2 

A needle 6 for syringe having an inner diameter of 
20 0 urn and an outer diameter of 410 iim were inserted into 
a tube 5 made of polytetraf luoroethylene having an inner 
diameter of 5 00 urn as shown in Fig. 4, and they were 
fixed so that liquids could be supplied by syringe pump 
from a tube edge 7 and the needle 6 for syringe. Water 
was preliminarily supplied to the prepared apparatus to 
confirm that no liquid would leak. 

The prepared emulsif ication apparatus was put 
horizontally, and n-decane prepared in Example 1 and the 
sodium silicate aqueous solution prepared in Example 1 
were supplied from the tube edge 7 and the needle 6 for 
syringe, respectively, to continuously prepare a W/O type 
emulsion. The supply amount of n-decane was 2 0 mL/h, and 
the linear velocity in the flow path in a flow direction 
was 8.6 x 10~ 3 m/s. The experiment was carried out at 
room temperature, the Reynolds number of the flow of n- 
decane was about 7 as calculated from the hydraulic 
radius of the flow path of 22.5 jam, and the flow of n- 
decane was in a laminar flow state. 

Further, the supply amount of the sodium silicate 
aqueous solution was 0.3 mL/h, and the linear velocity in 
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a flow direction at the inside of the -needle 6 for 
syringe was 2.7 x 10" 4 m/s. Further, the ratio of the 
linear velocity of n-decane in a flow direction to the 
linear velocity of the sodium silicate aqueous solution 
5 in a flow direction at the inlet hole part was 32. The 
emulsion particles had a substantially uniform particle 
size of about 270 \im, as confirmed by optical microscope 
observation. 

The obtained emulsion particles were subjected to 
10 gelation in the same manner as in Example 1 to prepare 
silica porous spheres. It was confirmed by a scanning 
electron microphotograph that the obtained silica porous 
spheres were substantially spherical. Further, the 
particle size distribution was measured in the same 
15 manner as in Example 1 from the scanning electron 

microphotographs .. The number average particle size was 
227 urn, and the standard deviation was 14 pm. The value 
obtained by dividing the standard deviation of the 
particle size distribution by the number average particle 
20 size was 0.062, and the silica porous spheres had a 
substantially uniform particle size. Here, (number 
average particle size) /4r = 1.14. 
EXAMPLE 3 

(1) Preparation of liquids 
25 The same sodium silicate aqueous solution as in 

Example 1 was prepared. As the organic liquid, isononane 
(C9H20, density: 73 0 kg/m 3 ) was employed, and sorbitan 
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monooleate as a surfactant was preliminarily dissolved in 

an amount of 5,000 ppm in isononane. 

(2) Preparation of emulsif ication apparatus 

A cross-sectional view of an emulsif ication 
5 apparatus is shown in Fig. 5. On an acryl resin plate 8 
having a thickness of 2 mm in a 50 mm square, two inlet 
holes having an inner diameter of 3.2 mm were formed, and 
a rubber tube piping (manufactured by SAINT -GOBAIN K.K., 
trade name: TYGON R-3603) having an outer diameter of 3.2 

10 mm was connected to each of the inlet holes to obtain 
nozzles 13 and 14 so that a liquid could be supplied 
through the nozzle. 13 and the liquid could be discharged 
through the nozzle 14. On the center part of another 
acryl resin plate 12 having a thickness of 2 mm in a 50 

15 mm square, a inlet hole having an inner diameter of 3 mm 
was formed, and a tetraf luoroethylene tube having an 
inner diameter of 1 mm was connected by means of a joint 
component to obtain a nozzle 15, so that a liquid could 
be supplied through the nozzle 15. Further, of another 

20 acryl resin plate having a thickness of 2 mm in a 50 mm 
square, the inside 3 0 mm square was bored with a part 
with a distance of 10 mm from the periphery left, to 
prepare an acryl resin plate component 11. Then, on the 
center part of a stainless steel plate 10 having a 

25 thickness of 50 ym in a 50 mm square, ten inlet holes 
having an inner diameter - 4r = 3 0 \im and having a 
circular cross-sectional shape in a width direction with 
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a pitch of 140 \im, and a hundred inlet holes in a length 
direction with a pitch of 250 urn, totally a thousand 
inlet holes were formed by means of an excimer laser. 
Further, a slit having a width of 3 mm and a length of 35 
5 mm was formed on the center part of a f luororesin sheet 
having a thickness of 400 y.m in a 50 mm square to prepare 
a f luororesin sheet 9. 

The acryl resin plate 8, the f luororesin sheet 9, 
the stainless steel plate 10, the acryl resin plate 

10 component 11 and the acryl resin plate 12 were laminated 
in this order and the four sides were clamped and fixed 
with an equal force. Here, they were fixed so that the 
width direction and the length direction of the inlet 
holes formed on the stainless steel 10 fitted the width 

15 and the length directions of the slit prepared on the 

f luororesin sheet 9, respectively, the inlet holes were 
located at the center part of the slit, and the nozzle 13 
and the nozzle 14 of the acryl resin plate 8 were located 
on the slit of the f luororesin sheet 9. Further, water 

20 was preliminarily supplied to the prepared apparatus to 
confirm that no liquid would leak. 
( 3 ) Emulsif ication 

The emulsif ication apparatus prepared in (2) was put 
horizontally, and isononane having the surfactant 

25 dissolved therein prepared in (1) and the sodium silicate 
aqueous solution prepared in (1) were supplied through 
the nozzle 13 and the nozzle 15, respectively, to 



4 
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continuously prepare a W/0 type emulsion having the 
sodium silicate ' aqueous solution dispersed in isononane 
having the surfactant dissolved therein. The supply 
amount of isononane having the surfactant dissolved 
5 therein was 1,350 mL/h. The production was carried out 
at room temperature. 

The Reynolds number of the flow of isononane was 
about 215 as calculated from a hydraulic radius of the 
flow path of 17 6.5 'pun, a linear velocity of isononane of 

10 0.31 m/s and a viscosity of isononane of 7.5 x 10" 4 Pa-s, 
and the flow of isononane was in a laminar flow state. 
The distance between the inlet hole which was located at 
the most upstream side of the organic liquid and the 
inlet hole which was located at the most downstream side, 

15 i.e. the length L of the flow path, was 0.025 m, and as 
the isononane flow path was rectangular, the pressure 
loss at L was calculated from the formula 4, whereupon it 
was 48 0 Pa. Further, the supply amount of the sodium 
silicate aqueous solution was 5.0 mL/h and the linear 

20 velocity in a flow direction at the inlet holes was 2.0 x 
10" 3 m/s. 

The ratio of the linear velocity of isononane in a 
flow direction to the linear velocity of the sodium 
silicate aqueous solution at the inlet holes in a flow 
25 direction was 159. The state of emulsif ication was 

confirmed by means of a high speed camera, whereupon the 
sodium silicate aqueous solution was formed into droplets 
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at the inlet holes, and the emulsion particles had a * 
substantially uniform particle size of about 60 \xm. 

(4) Gelation 

Isononane having the surfactant dissolved therein 
5 prepared in (1) was put in a vessel having a capacity of 
about 5L (diameter: 100 mm, height: 650 mm), and carbon 
dioxide gas was blown into the solution at a supply rate 
of 100 mL/min. The W/O type emulsion prepared in (3) was 
continuously supplied to the vessel to carry out 

10 gelation. The formed silica hydrogel was separated from 
isononane by means of two phase separation employing a 
difference in specific gravity to obtain an aqueous 
slurry of the silica hydrogel. Then, 0.1 N sulfuric acid 
aqueous solution was added to the obtained aqueous slurry 

15 of the silica hydrogel to adjust pH to 9 at 25°C / 

followed by aging at 80°C for 1 hour. Then, the aqueous 
slurry was stood to cool to room temperature, 20 mass% of 
a sulfuric acid aqueous solution was further added to 
adjust pH to 2, and the aqueous slurry was left to stand 

20 for 3 hours. Then, the aqueous slurry was subjected to 

filtration, washing with water and drying at 120°C for 20 
hours to obtain silica porous spheres. 

(5) Confirmation of shape 

It was confirmed by a scanning electron 
25 microphotograph that the obtained silica porous spheres 
were substantially spherical. Further, the particle size 
distribution was determined in the same manner as in 
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Example 1 from the scanning electron microphotographs . 
The number average particle size was 51 jam, and the 
standard deviation was 6.8 jam. The value obtained by 
dividing the standard deviation of the particle size 
5 distribution by the number average particle size was 

0.133, and the silica porous spheres had a substantially 
uniform particle size. Here, (number average particle, 
size) /4r = 1.70 . 
EXAMPLE 4 

10 Silica porous spheres were obtained in the same 

manner as in Example 3 except that the emulsif ication 
apparatus was put vertically to the horizontal plane as 
shown in Fig. 6. In a length L, there was a difference 
in pressure of 659 Pa in total due to the difference in 

15 pressure of 179 Pa resulting from the liquid depth of 

isononane in addition to the pressure loss resulting from 
the flow as calculated in Example 3 . 

It was confirmed by a scanning electron 
microphotograph that the obtained silica porous spheres 

20 were substantially spherical, and the number average 

particle size was 50 jam, and the standard deviation was 
4.9 um. The value obtained by dividing the standard 
deviation of the particle size distribution by the number 

■ 

average particle size was 0.098, and the silica porous 
25 spheres had a substantially uniform particle size. Here, 
(the number average particle size)/4r =1.67. 



EXAMPLE 5 

Silica porous spheres were obtained in the same 
manner as in Example 3 except that a fluororesin sheet 
having a thickness of 200 p in a 50 mm square and having 
a slit having a width of 2 mm and a length of 3 5 mm 
formed thereon was employed as the fluororesin sheet 9 in 
Fig. 5. As the isononane flow path was rectangular, the 
pressure loss in a length L was calculated from the 
formula 4 and it was 5,628 Pa, and the ratio of the 
linear velocity of isononane in a flow direction to the 
linear velocity of the sodium silicate aqueous solution 
at the inlet holes in a flow direction at the inlet hole 
part was 477 . 

The state of emulsif ication was confirmed by means 
of a high speed camera, whereupon although the sodium 
silicate aqueous solution supplied from the nozzle 15 was 
formed into droplets at the inlet holes, the droplet size 
of the emulsion tended to be large from the upstream to 
the downstream of the organic liquid flow path, and the 
distribution was wide. 

It was confirmed by a scanning electron 
microphotograph that silica porous spheres obtained by 
gelating the obtained emulsion in the same manner as in 
Example 1 were substantially spherical, and the number 
average particle size was 55 urn and the standard 
deviation was 16.8 pm. The value obtained by dividing 
the standard deviation of the particle size distribution 
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by the number average particle size was 0.3 05, and the 
distribution was wide as compared with Examples 3 and 4. 
Here, (number average particle size)/4r = 1.83. 
EXAMPLE 6 

5 Silica porous . spheres were obtained in the same 

manner as in Example 3 except that ten circular inlet 
holes having an inner diameter = 4r = 3 0 |im in a width 
direction with a pitch of 140 jam and a hundred inlet 
holes in a length direction with a pitch of 140 jam, 

10 totally a thousand inlet holes were formed by means of an 
excimer laser at the center part of the stainless steel 
plate 10 having a thickness of 50 \im in a 50 mm square in 
Fig. 5. As the isononane flow path was rectangular, the 
pressure loss in a length L (=0.014 m) was calculated 

15 from the formula 4, whereupon it was 2 69 Pa. 

The ratio of the linear velocity of isononane in a 
flow direction to the linear velocity of the sodium 
silicate aqueous solution supplied from the inlet holes 
in a flow direction was 159. The state of emulsif ication 

20 was confirmed by means of a high speed camera, whereupon 
the sodium silicate aqueous solution was formed into 
droplets at the outlet of the inlet holes, and the 
emulsion particles had a substantially uniform particle 
size of about 60 urn. 

25 It was confirmed by a scanning electron 

microphotograph that the obtained silica porous spheres 
were substantially spherical, and the number average 



particle size was 49 pm, and the standard deviation was 
5.3 pm. The value obtained by dividing the standard 
deviation of the particle size distribution by the number 
average particle size was 0.108, and the silica porous 
spheres had a substantially uniform particle size. Here, 
(number average particle size)/4r = 1.63. 
EXAMPLE 7 

A W/O type emulsion was continuously prepared in the 
same manner as in Example 3 except that ten elliptic 
inlet holes (4R = 38.9 pm) having a long axis size of 60 
pm and a short axis size of 30 pm in a width direction 
with a pitch of 140 pm and a hundred inlet holes in a 
length direction with a pitch of 200 pm, totally a 
thousand inlet holes were formed by means of an excimer 
laser at the center part of the stainless steel plate 10 
having a thickness of 50 pm in a 50 mm square in Fig. 5. 
The supply amount of the sodium silicate aqueous solution 
was 10 mL/h, and the linear velocity of the aqueous 
solution in a flow direction at the inlet holes was 2.0 x 
10" 3 m/s.. As the isononane flow path was rectangular, the 
pressure loss in a length L (=0.020 m) was calculated 
from the formula 4, whereupon it was 3 84 Pa. 

The ratio of the linear velocity of isononane in a 
flow direction to the linear velocity of the sodium 
silicate aqueous solution supplied from the inlet holes 
in a flow direction was 159. The state of emulsif ication 
was confirmed by means of a high speed camera, whereupon 



the sodium silicate aqueous solution was formed into 
droplets, at the inlet holes, and the emulsion particles 
had a substantially uniform particle size of about 75 ]im. 

The obtained W/0 type emulsion was gelated in the 
same manner as in Example 3 to obtain silica porous 
spheres. It was confirmed by a scanning electron 
microphotograph that the silica porous spheres were 
substantially spherical, and the number average particle 
size was 60 ]im and the standard deviation was 7.2 \m\. 
The value obtained by dividing the standard deviation of 
the particle size distribution by the number average 
particle size was 0.12 0, and the silica porous spheres 
had a substantially uniform particle size. Here, (number 
average particle size) /4r = 1.54. 
EXAMPLE 8 

A W/O type emulsion was continuously prepared in the 
same manner as in Example 3 except that twenty- five 
circular inlet holes having an inner diameter = 4r = 15 
|im in a width direction with a pitch of 100 y.m, and two 
hundred inlet holes in a length direction with a pitch of 
10 0 urn, totally five thousand inlet holes were formed by 
an excimer laser at the center part of the stainless 
steel plate 10 having a thickness of 100 ym in a 50 mm 
square in Fig. 5. The supply amount of the sodium 
silicate aqueous solution was 110 mL/h, and the linear 
velocity in a flow direction at the inlet holes was 3.5 x 
10 m/s. As the isononane flow path was rectangular, the 



pressure loss in a length L (=0.020 m) was calculated 
from the formula 4, whereupon it was 3 84 Pa. 

The ratio of the linear velocity of isononane in a 
flow direction to the linear velocity of the sodium 
silicate aqueous solution at the inlet holes in a flow 
direction was 9.0. The state of emulsif ication was 
confirmed by means of a high speed camera, whereupon the 
sodium silicate aqueous solution was formed into droplets 
at the inlet, holes, and the emulsion particles had a 
substantially uniform particle size of about 90 um, 
however, fine emulsion particles having a particle size 
of about 5 urn were formed as by-products in an amount of 
about 5%. 

The obtained W/O type emulsion was gelated in the 
same manner as in Example 1 to obtain silica porous 
spheres. It was confirmed by a scanning electron 
microphotograph that the silica porous spheres were 
substantially spherical, and the number average particle 
size was 76 jam, and the standard deviation was 22.6 yim. 
The value obtained by dividing the standard deviation of 
the particle size distribution by the number average 
particle size was 0.297, and the particle size 
distribution was slightly wide as compared with Examples 
1 to 4, 6 and 1. Here, (number average particle size)/4r 
= 5.07. 

According to the present invention, it becomes 
possible to produce inorganic spheres having a 



substantially uniform particle size stably. 
Particularly, formation of large particles or small 
particles having particle sizes significantly outside the 
aimed particle size as by-products can be prevented, and 
inorganic spheres having a highly unif ormalized particle 
size can be obtained. 

The entire disclosures of Japanese Patent 
Application No. 2002-205609 filed on July 15, 2002, 
Japanese Patent Application No. 2003-0.69832 filed on 
March 14, 2003 and Japanese Patent Application No. 2003- 
095526 filed on March 31, 2003 including specifications, 
claims, drawings and summaries are incorporated herein by 
reference in their entireties. 



